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[57] ABSTRACT 

A mechanical vibration control device includes a piezoelec- 
tric material having a pair of electrical leads extending 
thcrc&om. and a shunt circuit connected across the electrical 
leads of the piezoelectric material The shunt circuit includes 
an energy dissq>atioa circuit element having a dissipation 
clement resistor, and a frequency tuning dement inductor 
connected in parallel with the dissipation element resistor. 
To reduce and damp multiple vibrational modes, multiple 
shunt circuits are added in parallel. The various shunt 
circuits are isolated from each other with an isolator circuit 
element connected in scries with each energy dissipation 
circuit clement The isolator circuit dement includes an 
isolator dement capadtor. and an isolator element inductor 
connected in parallel with the isolator dement capadtor. 

12 Claimst 3 Drawing Sheets 
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PIEZOELECTRIC SHUNTS FOR 
SIMULTANEOUS VIBRATION REDUCTION 
AND DAMPING OF MULTIPLE VIBRATION 
MODES 

5 

BACKGROUND OF THE INVENTION 

This invendoD relates to the amplitude reduction and 
damping of vibration in stnictm^s, and, more particularly, to 
a passive piezoelectric vibration suppression and damping 
device and af^oadu 

Structures such as used in aircraft and spaceaaft experi- 
ence vibradon during service. The vibration is undesirable 
•because it Is uncomfortable for occupants or can lead to 
control problems or damage to sensitive instruments in the 
vehicle. The vibration is also undesirable because it leads to 
fatigue damage of the structure itself. Care is taken in the 
design of the structure to minimize such vibration, but some 
vibration is present regardless of the care taken in design. 

A number of techniques have been developed to reduce ^ 
the amplitude and achieve damping of the structural vibra- 
tion. In one, energy-absorbing materials sudi as elastomers 
arc built into the structure or into joints of the structure. 
These energy-absorbing materials reduce the amplitude of 
the vibradon without damage to the materials. 

In another approach, piezoelectric materials are used to 
convert mechanical vibrational energy into electrical energy, 
and the electrical energy is thereafter dissipated. A piezo- 
electric material is one that converts electrical energy into 
mechanical movement or, conversely, converts mechanical 
movement such as vibration into an electrical voltage. A 
**pa,tc\r of the piezoelectric material is fixed to ttie surface 
of the structure which vibrates during service, so that 
vibrational energy in the structure is transfecred into the 
piezoelectric material Voltage leads from the piezoelectric 35 
material are connected to external electrical circuitry, where 
either a counter voltage is generated (an ^'active** vibration 
control technique) or the energy in the voltage produced by 
the piezoelectric material is dissipated (a '^passive"* vibration 
control technique). The active vibration control technique 40 
requires that the counter voltage be generated and fed back 
to the structure, and therefore requires more complex cir- 
cuitry than the passive vibration control approach. The 
present invention deals with the passive vibration control 
technique, an a(^>roach termed 'piezoelectric shunting**. ^ 

Passive piezoelectric shunting has been known for some 
time, but the existing techniques have drawbacks in their 
plication. The efficiency of the external electrical circuitry 
can be imjHoved. The available piezoelectric shunting meth- 
odology is also difficult to apply to reduce and to damp a so 
number of dififaent vibrational modes, which arc usually 
present in complex structures. There is dicrcfoie a need for 
an imfa:oved s^jproach to passive piezoelectric shunting of 
structures. Such an approadi would be useful for aerospace 
structures, but would also find applications in a wide variety 55 
of other areas such as the tuning of acoustic con^nents and 
structures. The present invention fulMs tiiis need, and 
further provides related advantages. 

SUMMARY OF THE INVENTION ^ 

The present invention provides a mechanical vibration 
control device and a method for its use to reduce vibrational 
amplitudes in structures. The device is fidly passive and 
utilizes D on-complex con]qx)neDts. It may be used to reduce 
amplitude of and to damp one or multiple vibraticmal modes 63 
at a single location on the structure. The device is assembled 
from known elements. 
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in accordance with the invention^ a mechanical vibration 
control device con^scs a piezoelectric material having a 
pair of electrical leads extending tiicrcfrom, and a shunt 
circuit connected across the electrical leads of the piezo- 
electric material The shunt circuit includes an energy dis- 
sipaticHi circuit dement comprising a dissipation element 
resistor, and a frequency tuning element inductor connected 
in parallel with the dissipation element resistor. The piezo- 
electric material is preferably fixed to a structural element as 
a patch, and the shunt circuit is located apart from (either 
adjacent to or remote from) the structural dement 

The shunt circuit is expandable to indude additional 
energy dissipation circuit elements, connected in parallel. 
The multiple energy dissipation circtiit eleroents are tuned to 
dissipate energy of several vibrational modes at preselected 
frequcndcs. However, to ensure that the energy dissipation 
circuit dements do not interact in a manner so as to interfere 
with the energy dissipation of these modes at the presdectcd 
frequcndcs. each energy diss^ation circuit dement prefer- 
ably has connected in series therewith an isolator circuit 
dement. The isolator circuit element coi!^}rises an isolator 
element c^adtor and an isolator element inductor con- 
nected in parallel with die isolator dement capacitor. 

Thus, m a preferred embodiment, a mechanical vitiation 
control device comprises a piezoelectric material having a 
pair of dectrical leads extending therefrom, a struaural 
element to which the piezodectric material is fixed, and at 
least one shunt circuit connected across the dectrical leads 
of the piezoelectric material. Each shunt circuit indudes an 
energy dissipation circuit element comprising a dissipation 
element resistor, and a frequency tuning dement inductor 
connected in paralld with the dissipation element resistor. 
Eadi shunt circuit further includes an isolator circuit ele- 
ment connected in series with the energy dissipation circuit 
element. The isolator circuit element comprises an isolator 
element capacitcff. and an isolator element inductor con- 
nected in paralld widi Che isolation dement capacitor. Each 
shunt circuit is tuned to a preselected frequency to reduce 
vibration of a presdected mode. The modes are sdected 
according to a separate determination of the vibrational 
modes to t>e suppressed. The approach to tuning will be 
discussed subsequently. 

This technique allows mult^le vibrational modes to be 
reduced and damped at a single patch location, an important 
advaAtage, Otherwise, it would be necessary to provide 
multiple piezoelectric patches at adjacent locations, which 
would be ineffident Additionally, such an alternative tech- 
nique would be somewhat ineffective, because the vibra- 
tional amplitudes vary spatially. Other features and advan- 
tages of the present invention will be af^arent from the 
following more detailed description of the preferred 
embodiment taken in conjunction with the accompanying 
drawings, which illustrate, by way of exan4>le, the prin- 
ciples of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional view of a mechanical 
vibration control device according to the invention; 

FIG. 2 is a circuit diagram showing a first fonn of the 
shunt ciFCuit; 

FIG. 3 is a circuit diagram showing a second form of the 
shunt circuit; 

FIG. 4 is a circuit diagram showing a third form of the 
shunt circuit; 

FIG. 5 is a circuit diagram showing a fourth form of the 
shunt circuit; 
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FIG. 6 is circuit diagram showing a fifth fonn of the shunt 
circuit; 

FIGS. 7(^1-^) arc grqAs of the reductioo and dampiDg of Li«UtD,'c^ 
two vibrational modes using the present approach* wherein 

FIG. 7(a) illustrates the reduction and rtann>ing of a first $ ^ 
vibrational mode, FIG. 7{b) illustrates the reduction and 

damping of a second vibrational naodc. and FIG. 7(c) si=v(2'^k 

illustrates the simultaneous reduction and damping of bodi ^ 

the first and second vibrational modes; generalized transverse electromechanical cou- 

FIG. 8 is a circuit diagram showing the use <rf a single lo pUng coefficient of the patch at ©i- Selection of these values 

shunt circuit with multq)le piezoelectric patches; and of LI and Rl results in reduction and damping of a vibra- 

FIG. 9 is a circuit diagram showing a shunt circuit used tional mode having a natural ftequency of cOi- 

for reducing and damping several vibrational modes simul- fig. 3 shows the same circuit as in FIG. 2, except that it 

^'U>c<>u5ly- uses a second frequency tuning element inductor 46 (having 

DHTAILED DESCRIPTION OF THE ^ inductance L2) and a second dissipation element resistor 

Q^fYEKFION ^ (having a resistance R2), fonning a second energy 

- . . _^ . t ji ^ . J . dissroation circuit element 50. The numerical values the 

FIG. 1 depicts a mectaiucal ^on control device 20. « aiMJ the resistor 4« are detennined by the same 

TTie Wteauon control dmoe 20 includes a piece of a ^ ^ 2 ' ^ 

piezoelecmc matoul 22. Numerous piezoelectnc matmak jo k this case the energy dissipation circuit element is tuned to 

are known and are operable m the present invention. Tie ^ ^ a^ational mode of the structural ele- 

preferredpiezoelectncmaitaal 22faacewndccompo^ of ^ ^ „^ frequency of (O^ The vahies of L2 

lead zirconate titanate, abbreviated as PZT. The piece of ^ s^tn by 

piezoelectnc material 22 is in the form of a thin sheet, ^ ^ 

typically having a thickness of about 0.010 to about 0.040 ^5 

inches, and lateral dimensions of about to about 1 inch, or n^Vioi^c^ 
larger as necessary, sometimes termed a ^'p^*'- These 

dimensions are presented by way of illustration and not and 
limitation, and no limitations are known either for the 

piezoelectric material or its size. ^ 

Thepicceof piezoelectric material 22 is typically affixed itt=W KjtOjC^) 

to a surface 24 of a structural element 26 that is subject to Kj is the genwalized transverse electromechanical coupling 

vibration during service. The piece of piezoelectric material coefficient of the patdj at co^- 

may be affixed by any operable technique, with a layer of y^e present arrangement of the frequency tuning clement 

adhesive 28 being preferred. Hie nature of the adhesive 35 ij,^ctO€ and the dissipation element resists in paiaUel in 

depends on the nature of the structural element, but for a ^he energy dissipation circuit elemenu of HGS. 2 and 3 is 

structural material a prefmed adhesive is an ^xy. ^e contrasted with the apjwoach of placing an inductor and 

A pair of leads 30 is joined to the piece of jHezodoctric a resistor in series in a shunt circuit, as shown in FIG. 6 at 

material 22 at two oppositely disposed surfaces on which page 254 <rf N. W. Hagood et aL, "Damping of Structural 

conductive electrodes arc coated, ^cfcrably at the top and 40 Vibrations with Hczoelectric Materials and Passive Hectri- 

bottom major surfaces. The leads 30 extend to shunt control cal Nrtwcffks." Journal of Sound and Vibration, VoL 146(2). 

circuitry 32. positioned at a location apart from the piece of pages 243-268 (1991). The present ^aproach gives mere 

piezoelectric material (as pictured), either remote from or accurate and ixKHe efficient damping petfomuinoe, and is 

adjacent to the piece of piezoelectric material 01 even simf^er to use, as compared with that of Hagood. In the 

bonded to the same structural element 26. A numba of 45 Hagood approach, if the resistance is large, as wheie the 

different types of shunt control circuitry 32 can be used. piezoelectric material is weU bonded to the structural 

FIGS. 2-6 illustrate five preferred forms, but other operable element, iterative adjustments of the values of the circuit 

shunt circuits may be used as well elements are necessary, u^ch is a time consuming and 

In one fonn of the shunt circuitry, shown in FIG. 2, a first tedious operation. In the present approach, en the other 

frequency tuning clement inductor 40 (having an inductance 30 baod^ the piezoelectric material the resistor, and the' induc- 

Ll) and a first dissq>ation dement resistor 42 (having a tcff are all in parallel, permitting the independent detomi- 

resistanceRl), together comprising a first energy dissq>ation nation of the values cf the resistor and the inductor. The 

circuit eleoient 44. are connected in parallel between the pair present approach Is also more easily extended to simulta- 

of leads 30. The piece of piezoelectric material 22 acts in the neous reduction and damping of mult^le modes, as will be 

circuit with an effective capadtanoe and is illustrated as S5 discussed subsequently. 

a capadtor. JSi is often observed that two or noore vibrational SKKles are 

The numerical values of the first frequency mning ele- present in a structural element at a single location. One 

meni inductor 40 and the first dissipation element resistor 42 approach to reduce and daiiq> two modes would be to place 

are determined from the natural frequency o) of the mode of a first piezoelectric patch and a second piezoelectric patch in 

vibration that is to be reduced and dan^)ed. This vibrational 60 a side-by-side arrangement on the surface of the structural 

mode is preselected as the frequency to be reduced and element. The external circuitry for the first piezoelectric 

damped. The selection of this frequency is made from patch would be tuned to one of the natural frequencies, as in 

theoretical or experimental determinatioas of the vitational FIG. 2. and the external drcuitry for die second piezoelectric 

modes found in the structural element 26. These determi- patch would be tuned to the odier of the natural frequencies, 

nations are not a part of the present invention, and a first 6S as in FIG. 3. This apfH-oach would have the drawback that 

value C0| is taken as a provided value. Using this there would have to be room to bond two (or oKire) 

information, the values of LI and Rl are piezoelectric patdies to the surface of the structural element. 
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and a large number of such piezoelectric |>atches would be and the second isdator circuit clement 64 is tuned to 

required. Since the piezoelectric patches can be expensive, anti-resonance at the natural frequency coj of the first shunt 

cost could become a consideration. The piezoelectric circuit 60. The capacitances C5 and C6 are selected from 

patches are also potentially heavy, adding to the total weight available values, and the inductances L5 and L6 are deter- 

of the structure. 5 mined as 

The alteroative approach of the present inventloo is to 
provide shunt circuitry that is capable reducing and 

damping two ot more frequency modes with the use of a L&^Vta^Cs 
single piece of piezoelectric material 22. To accomi^h this 

result, the first energy dissipation circuit element 44 and the lO 

second energy diss^on circuit element 50 are placed in jhe inductances L3 and W are obtained by equating the 

paraUd between the leads 30. However, without more, the ^^^^ in^)edance of one of die shunt circuits (induding both 

two encigy dissipation circuit elements 44 and SO would dissipation circuit element and the isolator circuit 

interfere with each other in respect to their viteation reduc- clement) at its natural frequency to the required value of the 

tion and damping pCTformance. 15 product of its natural frequency and its net inductance (e.g.. 

Therefore, means is provided for isolating the first energy l1 in the case of the first shunt circuit). The results are 
dissipation circuit element from the second energy dissipa- 
tion circuit element to avoid tuning interference therebe- 
tween. In a prefeired form, illustrated in FIG. 4, this means L^\-LSti\-vcn ^csiS) 
takes the form of a first isolator circuit element 54 positioned 20 

in series with the first energy dissipation circuit element 44. iA=Llr-i£f{\-\Qn a^C6L6) 

The isolator circuit element 54 comprises a first isolator ... . ^ l * • . i ^ j 

element inductor 56 (having an induSanoe LS) and a first Various sunpbfcd shunt arauts may be selected wheo 

isolator element capacitor 5» (having a capacitance CS). ^ 'f^T^, mformation kno<vn jbou the rdatioo 

anangcd in paraSI TTie first eneror dissipation circuit 23 between the latural frequeoocs of the inod^ to be reduced 

• • j,T I x"***/ « ^ damped. For example, if to. is ereater than o),. a shunt 

element 44 and the first isolator drciut element 54 together . """t^^ ^j^y^a^, u » ^cua » 

constitute a first shunt circuit 60. (Hffc. the first frequency ''Tf f "^^^ 

tuning element inductor 40 is shown to have an inductan<* circuit u simUar to tha of RG 5. except that only the 

U. aid the first dissipaUon element resistor 42 is shown to ' ^* *S * -"^ 

have a resistance of R3. TTtese numerical values may be 30 <>«s.pation dwrnt elen«n 50 and the s^^^^^ 

different than those for the corresponding elements in FIG. fy ^f* 

2 because of the addition to the fc^ shuSt circuit 60 of the «««gy <«"S'I«fon «rcuit element 44. and no first isotator 

first isolator circuit element 54.) "^"^ ^'^ 

Although the isolator circuit element is shown as present 

in the single shunt-circuit system of FIG. 4, such an isolate 35 iA^UL2^i2lJb^W^^nuiJ^y{^^^ 
circuit element will normally be present only when there are 

two or more such shunt circuits, as in FIG. 5, Here, the first The mechanical vibration control device 20 of FIG. I has 

shunt circuit 60 includes the first energy dissipation circuit been reduced to practice for the damping circuits shown in 

element 44 and the first isolator element 54. Additionally. FIGS. 2, 3, and 6. The results arc illustrated in RGS. 

fliere is a second shunt circuit 62 which includes the second 40 7(o)-7(c), which are the frequency response curves of a 

Energy dissipation circuit element 50 and a second isolatcH^ mechanically cxdtcd beam structural clement when reduced 

element 64. The second energy dissipation circuit element and damped by the three shunt circuits, respectively. When 

50 includes the second frequency tuning element inductor 46 the arrangement of FIG. 1 is used wift the shunt circuitry 32 

(having an inductance of L4) and the second dissipation of FIG. 2 tuned to reduce and dan^) a natural frequency cOl, 

element resistw 48 (having a resistance of R4). The second 43 by itself, the frequency response of FIG. 7(a) is obtained, 

isolator element 64 includes a second isolator element The vibrational amplitude of acceleration at the first natural 

inductor 66 (having an inductance L6) and a second isolator frequency cOi (here a frequency of 122.6 Hz) is reduced by 

element capacitor 68 (having a capacitance of C6). about 12 dB, while the vibrational anq>litude at the second 

Inthiscircuitof FIG.5,the values of the c^dtances CS natural frequency (O3 (here a frequency of 204.8 Hz) is 

and C6 and the values of the inductances L5 and L6 are 50 unchanged from the amplitude in the forced vibration. The 

selected such that the reactive impedance of the isolat<v critical damping factor is increased from 0350 percent to 

circuit element in one of each shunt circuits is large, and 3.530 percent for the first mode after the shunting. Similarly, 

neariy infinity, at the natural frequency of the other circuit when the arrangement of FIG. 1 is used with the shunt 

element That is. each shunt circuit is nearly open circuited circuitry 32 of FIG. 3 tuned to reduce and dan^ a natural 

at the natural frequency of the other. Consequently, the two 55 frequency (Oj, by iUelf, the frequency response of FIG. l(p) 

shunt circuits connected in parallel across the piece of is obtained. The vibrational an^)litude at the second natural 

piezoelectric material 22 will not interfere with each ottier, frequency (t>2 is reduced by about 11 dB, while the vibra- 

but each will still serve to reduce vibrational energy at its tional amplitude at the first natural frequency cOj is 

respectively tuned natural frequency. When this principle is unchanged from the amplitude in the forced vibration. The 

extended to more than two shunt circuits connected in 60 critical danqsing factor is increased from 0353 percent to 

parallel across the piece of piezoelectric material 22. each 4.730 percent f<H- the second mode after the shunting, 

shunt circuit is treated as though it is in parallel with a circuit When the shunt circuit 32 used in the anraDgemeat of FIG. 

element comprising all of the other shunt circuits, and its 1 is that shown in FIG. 6, the frequency response is as shown 

values are determined accordingly. in FIG. 7(c). The anq)litudcs of the vibrational modes at both 

For the case of two shunt circuits in parallel, as In FIG. 5. 65 the first naniral frequency (i>| and the second natural fre- 

die first isolator circuit element 54 is tuned to anti -resonance quency 0)3 are each reduced by about 10 dB. The critical 

at the natural frequency ojj of the second shunt circuit 62, dairying factors are increased to Z6l percent and to 2.96 
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perceat for the first and second modes, respectively, after the 
simultaneous ^m p*ng of the two nKxles. That is, simulta- 
neous amplitude reduction and rtamping of multiple vibra- 
tion modes using a single patch of the piece of piezoelectric 
material 22 is succes^uUy demonstrated, a suipnsing and 5 
une7q>ected result in view of the prior approaches. 

The approach of the invention can be extended to addi- 
tional piezodoctric material patches, as shown in FIG. 8, and 
to damp additional frequencies, as shown in FIG. 9. 

Reforing to FIG. 8, the single shunt circuit 32 (provided 
with shunt circuitry for reducing and dan^ung vibrational 
amplitudes at one. two. or more modes), is connected aaoss 
a plurality of patches (here illustrated as three in number) 
22a, 22fr, and 22c of piezoelectric material. afSxed to 
respective areas 26a, 26£r, and 26c of the structural element ^ ^ 
(or more than one structural element). The values of the 
capacitances, resistances, and inductances arc dctcimincd by 
a direct extension of the approach discussed previously, 
treating the multiple patches as being in parallel. Hie 
approach is readily extended to any number of patches. 20 

lb reduce and damp vibrational modes at a plurality of i 
frequencies, the shunt control circuit conqrises a plurality i 
of energy dissipation circuit elements, each tuned for reduc- 
ing and damping a respective frequency CD,, connected in 
parallel with the piezoelectric material patch 22. Isolator 23 
circuit elements 84 for each of the other frequencies arc 
placed in series with each enezgy dissipation circuit ele- 
ments 82. FIG. 9 shows diis approach foe the case of four 
frequencies to be reduced and danq^ed. with four shunt 
circuit elements 80. Each shunt circuit element 80 has its 3Q 
respective energy dissipation circuit element 82 (indicated 
as EDcDj) and three isolator circuit elements 84 (indicated as 
lUij, j^) in series therewith. Each of the energy dissipation 
circuit elements 82 preferably has the same structure as the 
energy dissipator circuit element 44 described previously. 3^ 
and each of the isolator circuit elements preferably has the 
same structure as the isolator circuit element 54 described 
previously. The values of the cq>acitances. resistances, and 
inductances in each case are determined by a direct exten- 
sion of the a{^>roach discussed previously, treating the ^ 
multiple shunt circuits as being in paralleL The approach is 
readily extended to any desired number of modes to be 
reduced and damped. 

Although particular embodiments of the invention have 
been described in detail for purposes of illustratioo, various 45 
fimhcr modificatioas and enhancements may be made with- 
out departing from the spirit and scope of the inventipn. 
Accordingly, the invention is not to be limited exc^ as by 
the iq>pended claims, 
I claim: ^ 
1. A mechanical vibration control device, comprising: 
a piezoelectric material for damping mechanical vibra- 
tions in a structure having at least two vibrational 
modes with natural frequencies of Wj and w^. said 
piezoelectric material having a pair of electrical leads 55 
extending therefrom; 
a first shunt circuit connected across the electrical leads of 
the piezoelectric material, the first shunt circuit having 
a natural frequency of Wj suc^ that the first shunt circuit 
danq)S vibrations having a natural frequency of W2. the 60 
first shunt droiit including a first energy dissipation 
drctiit element comprising 
a first dissipation element reristcr. and 
a first frequency tuning element inductcw connected In 
parallel with the dissipation element resistor and 65 
a first isolatcx^ circuit element connected in series with the 
first energy dissipation circuit elenoent, wherein the first 



isolate^- circuit element is tuned to have an anti- 
resonant frequency of w^; and 
a second shunt circuit cotmected across the electrical 
leads of the piezoelectric material in parallel with the 
first shunt circuit, the second shunt circuit having a 
natural frequency of w^ such that the second shunt 
circuit damps vibrations having a natural frequency of 
w^. the second shunt circuit including 
a second energy dissipation circuit element comprising 
a second dissipation element resistor, and 
a second frequency tuning element inductor con- 
nected in parallel with the second diss^>ation 
element resistor, and 
a second isolator circuit element connected in series 
with the second energy diss^ation circuit element, 
wherein the second isolator circuit element is tuned 
to have an anti-resonant frequency of Wj. 

2. The control device of claim 1. fwther including 

a structural element to which the piezoelectric material is 
fixed. 

3. The control device of claim 1. wherein die first isolator 
element comprises a first isolator element capacitor and a 
first isolator element inductor connected in parallel with said 
first isolator element capacitor. 

4. The control device of daim 1. wherein the second 
isolator element comprises a second isolator element o^aci- 
tor and a second isolator element inductor connected in 
parallel with said second isolator element capacitor. 

5. A mechanical vibration control device, comj^sing: 

a piezoelectric material having a pair of electrical leads 
extending therefrt)m; and 

a first shunt circuit omnected across the electrical leads of 
the piezoelectric material, the first shunt circuit having 
a natural frequency <^ W3, the first shunt circuit includ- 
ing 

a first energy dissipation circuit element comprising 
a first di5si^>ation element resistor, and 
a first frequency tuning element inductor connected 
in parallel with the first dissipation element 
resistor, and 

a first isolator circuit element connected in series with die 
first energy dissipaticm circuit element the first isolator 
circuit element tuned to have an anti-resonant fre- 
quency of W|, die first isolator droiit element com- 
prising 

a first isolator clement a^)acitor. and 
a first isolator element inductor connected in parallel 
with the first isolation element capacitor and 
a second shunt circuit connected across the electrical 
leads of the piezoelectric material in parallel with the 
first shunt circuit, the second shunt circuit having a 
natural frequency of Wj which is less than w,, the 
second shunt circuit including 
a second energy dissipation circuit element comprising 
a second dissipation element resistor, and 
a second frequency tuiung element inductor con- 
nected in parallel with the second dissipation 
element resistor, 
and wherein said second shunt circuit Is independent of an 
isolator circuit element such that only said first circuit 
element includes an isolator circuit elemeat 

6. The control device of claim 5, further including 

a structural element to which the piezoelectric material is 
fixed. 

7. The control device of claim 5. wherein a first induc- 
tance of the first frequency tuning element inductor is 
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different from a second inductance of the second frequency 
tuning element inductor. 

8. A mechanical vibration control device, comprising: 
a structural dement having a mode of vibration with a 

natural frequency of w^; 

a piezoelectric material having a pair of electrical leads 
extending therefrom said piezoelectric material 
mounted to said structural element so as to damp the 
vibration of said structural element; and 

at least one shunt circuit connected across the electrical 
leads of the piezoelectric material, each shunt circuit 
including 

an energy dissipation circuit element con^xising 
a dissipation element resistor, and 
a frequency tuning element inductor connected in 
parallel with the dissipation element resistor, and 
an isolator circuit element connected in series with the 
energy dissipation circuit element, the isolator circuit 
element com|irising 
an isolator element c^>acitQr, and 
an isolator element inductor connected in parallel 
with the isolation element capacitcr, 
wherein at least one shunt circuit has a natural frequency 
of W| so as to reduce and damp the mode of vibration 25 
of said structural member with a frequency of w^. 

9, The control device of claim 8. wherein the at least one 
shunt circuit comi^ises at least two shunt circuits, and 
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wherein each shunt circuit is tuned to reduce and damp a 
preselected vibrational mode of a preselected frequency. 

10. The control device of claim 8, wherein the control 
device further includes 

a second shunt circuit connected across the electrical 
leads of the piezoelectric material in parallel with the 
first shunt circuit, the second shunt circuit including a 
second energy dissipation circuit clement comprising 
a second dissipation element resistor, and 
a second frequency tuning element inductor connected 
in parallel with the dissipation element resistor. 

11. The control device of claim 10, further including 
means for isolating the first energy dissipation circuit 

element from the second energy dissipation circuit 
element to avoid frequency tuning interference ther- 
ebetween. 

12. The control device of claim It, wherein the second 
shunt circuit fimher includes a second isolator circuit ele- 
ment connected in series with the second eneigy dissipation 
circuit element the second isolator circuit element compris- 
ing 

a second isolator element capacitor, and 
a second isolator clement inductor connected in parallel 
with the second isolator element capacitor. 
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